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TEMPERATURES,  RELATIVE  HUMIDITY,  AND  ATMOSPHERE 

COMPOSITION  IN  A  MECHANICALLY  REFRIGERATED  CAR 

AND  A  TRAILER  LOADED  WITH  LETTUCE 


By 

Joseph  K.  Stewart,  horticulturist,  and  John  M.  Harvey,  investigations  leader. 
Market  Quality  Research  Division 


SUMMARY 

Lettuce  temperatures  averaged  36°  F.  in 
a  50-foot  mechanically  refrigerated  rail  car 
and  37°  in  a  piggyback  trailer  when  the 
thermostats  were  set  at  34°  during  a  simu- 
lated transcontinental  transit  period.  The  dif- 
ference between  the  warmest  and  coolest 
positions  in  the  loads  was  5°  in  the  car  and 
6°  in  the  trailer. 

Carbon  dioxide  in  the  atmosphere  of  the  car 
had  increased  to  7.2  percent  by  the  ninth  day, 
but  in  the  trailer  the  carbon  dioxide  level  did 
not  exceed  2.7  percent. 

Relative  humidity  was  high  (91  to  97  per- 
cent) in  the  car  and  trailer. 

Quality  of  lettuce  in  the  car  at  time  of 
unloading  varied  with  the  temperature  at  which 
the  lettuce  had  been  maintained  during  the 
test.  Lettuce  that  had  been  maintained  at  35°  to 
37°  F.  was  rated  "excellent"  but  that  main- 
tained at  38°  or  39°  was  rated  "good." 


INTRODUCTION 

The  U.S.  Department  of  Agriculture  con- 
ducts many  shipping  tests  involving  rail  cars 
and  trailers  to  assist  shippers  and  carriers 
of  western-grown  lettuce  in  their  efforts  to 
provide  the  terminal  markets  with  high-quality 
produce.  Instiximentation  in  most  of  these 
shipping  tests  consists  primarily  of  a  limited 
number  of  recording  thermometers  placed  at 
various  positions  in  the  load. 

A  50-foot  mechanically  refrigerated  car 
and   a   piggyback   trailer   (trailer  on  flatcar) 


were  instrumented  during  loading  for  a  study 
of  air  and  lettuce  temperatures,  relative 
humidity,  and  atmosphere  composition  (oxygen 
and  carbon  dioxide)  to  obtain  more  detailed 
information  on  environmental  conditions  in  rail 
shipments  of  lettuce.  The  car  and  trailer  were 
held  for  a  simulated  transcontinental  transit 
period  at  the  U.S.  Department  of  Agriculture's 
Horticultural  Crops  Laboratory  in  Fresno, 
Calif.,  which  permitted  frequent  readings  of 
the  instruments.  The  maximum  daily  air 
temperature  at  Fresno  during  the  test  was 
above  100°  F. 


METHODS 

A  rail  car  (PFE  455228)  and  a  trailer 
(PFE  152109)  were  loaded  in  Salinas,  Calif., 
on  July  29,  1966,  with  vacuum-cooled  lettuce. 
The  lettuce  was  packed  in  the  new  level-pack 
carton  (Permit  No.  85-40)  and  loaded  in  the 
conventional,  solid  pattern  normally  used  by 
the  western  lettuce  industry.  The  carload  con- 
sisted of  1,280  cartons,  and  the  trailer  load, 
of  830  cartons.  The  cartons  were  placed 
lengthwise,  on  bottoms,  eight  layers  high.  The 
average  temperature  of  the  lettuce  at  time  of 
loading  was  36°  F.  in  the  car  and  trailer. 

Temperatures  were  measured  by  thermo- 
couples and  recording  thermometers  at  the 
positions  indicated  in  tables  1  (rail  car)  and 
2  (trailer).  These  two  types  of  instruments 
were  frequently  placed  adjacent  to  each  other 
for  comparison  of  temperatures  obtained  by 
the  two  instruments.  A  multipoint  record- 
ing   potentiometer    was   used  to   record   the 


Table  l.-~Average  temperatures  obtained  at  various  positions  in  a  50-foot  mechanically 
refrigerated  rail  car  loaded  with  lettuce  ^ 

[Thermostat  set  at  34    F.] 


Temperature 

Position  in  car 

Thermocouples 

Recording 
thermometers 

In  lettuce 

In  air 

In  lettuce 

In  air 

Top  layer: 

"A"  end,  quarter-length,  centerline.  ,  .  . 

Doorway,  centerline 

"B"  end,  quarter-length,  centerline.  ,  ,  , 

"B"  end,  quarter-length,  wall 

Doorway,  wall,  ,,•••••..•••••«••» 

°F. 

34 
35 
35 
34 
34 

35 
38 
37 

35 
36 
38 
37 

°F. 

"m 

2  38 

3  38 

32 

32 
34 

35 

% 

35 

35 

36 
38 

36 
41 

°Fl 

Middle  layer: 

*'A"  end,  quarter-length,  centerline.  .  .  . 
"B"  end,  quarter-length,  centerline.  .  .  . 
"B"  end,  quarter-length,  wall 

Bottom  layer: 

"A"  end,  quarter-length,  centerline.  .  .  . 
Doorway,  centerline ,, 



"B"  end,  quarter-length,  centerline.  .  .  . 
"B"  end,  quarter-length,  wall. 

At  blower,  "A"  end,  in  plenum 



Ceiling: 

"A"  end,  quarter-length,  centerline.  ,  .  . 
"B"  end,  quarter-length,  centerline.  .  .  . 

Return  duct,  "A"  end,  behind  bulkhead, 

centerline 

31 
37 

Average 

36 

— 

37 

^  Car  held  on  track  at  Fresno  for  a  simulated  transcontinental  transit  time. 

^  1  inch  above  load. 

'  Between  cartons. 

^  Recording  thermometer  failed. 


temperatures  sensed  by  the  thermocouples.  In 
both  the  rail  car  and  the  trailer,  other  thermo- 
couples were  used  to  measure  the  tempera- 
ture of  lettuce  at  three  positions  within 
individual  cartons  ot  lettuce  and  the  air 
temperature  outside  of  these  cartons  (figs,  1 
and  2). 

Tubes  for  sampling  the  atmosphere  were 
placed  at  four  positions.  In  the  rail  car,  three 
tubes  were  placed  in  "B"  end  at  quarter- 
length:    under  the  floor  racks,  in  the  middle 


layer  of  the  load  between  cartons,  and  in  the 
middle  layer  of  the  load  inside  a  carton;  the 
fourth  tube  was  placed  in  the  air  behind  the 
bulkhead  at  the  "A"  end.  In  the  trailer,  three 
tubes  were  placed  at  three-quarter-length: 
between  the  floor  ribs,  in  the  middle  layer 
between  cartons,  and  in  the  middle  layer  in- 
side a  carton;  the  fourth  tube  was  placed  in 
the  air  return  at  the  front  bulkhead.  Oxygen 
and  carbon  dioxide  levels  in  the  samples  were 
measured  with  an  Orsat-type  analyzer. 


Table    2, — Average   temperatures    obtained    at   various  positions  in  a  piggyback  trailer 

loaded  with  lettuce  ^ 

[Thermostat  set  at  34°  F.] 


Temperature 

Position  in  trailer 

Thermocouples 

Recording 
thermometers 

In  lettuce 

In  air 

In  lettuce 

In  air 

Top  layer: 

Front,  centerline 

°F. 

34 
37 

36 
37 

36 
38 
38 

39 
38 
36 

37 

°F. 

339 

^39 

32 
34 

35 

°F. 

35 
38 

37 

37 
38 

39 
37 

37 

°F. 

Half-length,  centerline 

Half-length,  wall 

Rear,  centerline 

Middle  layer: 

Front,  centerline 

Half-length,  centerline 

Half-length,  wall 

Bottom  layer: 

Half-length,  centerline 

Half-length,  wall 

Rear,  centerline 

At  blower,  front,  in  duct 

Duct  opening,  rear,  ceiling 

32 

Return  duct,  front,  behind  bulkhead 

35 

^  Trailer  held  at  Fresno  for  a  simulated  transcontinental  transit  time. 
^  1  inch  above  load. 
3  Between  cartons. 


Relative  humidity  was  measured  above  the 
load,  inside  a  carton  in  the  middle  layer  of 
the  load,  and  under  the  load.  In  the  rail  car 
all  measurements  w^ere  taken  near  the  doorway 
area,  and  in  the  trailer  they  were  taken  in  the 
third  stack  from  the  rear  door.  An  electric 
hygrometer  was  used  to  measure  relative 
humidity. 

The  thermostat  in  the  car  and  the  one  in 
the  trailer  were  set  at  34°  F.  The  car  and 
trailer  left  Salinas  on  July  29  for  the  U.S. 
Department  of  Agriculture's  Horticultural 
Crops  Laboratory  at  Fresno.  They  remained 
at  the  Laboratory  until  August  4.  On  August  4 
the  car  was  shipped  to  Sacramento,  Calif., 
where  it  was  unloaded  on  August  8.  The  trailer 


was  trucked  to  Los  Angeles,  Calif.,  where  it 
was  unloaded  on  August  5. 

Lettuce  from  various  positions  in  the  car 
was  rated  during  unloading  for  general  ex- 
ternal appearance  and  butt  discoloration.  Gen- 
eral appearance  was  rated  on  a  scale  of  1 
through  5,  where  1  is  excellent;  2,  good; 
3,  fair;  4,  poor;  and  5,  unsalable.  Butt  dis- 
coloration was  rated  on  a  scale  of  1  through  5, 
where  1  is  none;  2,  trace;  3,  slight;  4,  mod- 
erate; and  5,  severe.  The  ratings  were  based 
on  the  appearance  of  the  entire  carton  of 
lettuce,  rather  than  on  individual  heads.  The 
temperature  of  the  lettuce  in  these  cartons 
was  measured  at  the  time  of  the  examina- 
tion. 
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Figure  1. — Average  "trip"  temperatures  for  three 
cartons  of  lettuce  in  top  (T),  middle  (M),  or  bottom 
(B)  layers  of  the  load  at  positions  indicated  by  x  in 
individual  heads  in  diagram  of  end  view  of  carton. 
Air  temperatures  outside  of  the  test  cartons  were 
taken  immediately  above  the  top-layer  carton  or  at 
the  side  indicated  for  the  cartons  in  the  middle  and 
bottom  layers.  These  cartons  were  located  at  the 
centerline,  5  feet  from  the  doorway  in  "B"  end  of 
the  car.  Thermostat   setting  for  the  car  was  34°  F. 
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Figure  2. — Average  "trip"  temperatures  for  three 
cartons  of  lettuce  in  top  (T),  middle  (M),  or  bottom 
(B)  layers  of  the  load  at  positions  indicated  by  x  in 
individual  heads  in  diagram  of  end  view  of  carton. 
Air  temperatures  outside  of  the  test  cartons  were 
taken  immediately  above  the  top  layer  carton  or  at 
the  side  indicated  for  the  cartons  in  the  middle  and 
bottom  layers^  These  cartons  were  located  at  the 
centerline,  three-quarter-length  of  the  trailer.  Ther- 
mostat setting  for  the  trailer  was  34°  F. 


RESULTS 

Temperature 

Car. — Average  "trip"  temperatures  at  the 
top,  middle,  and  bottom  layers  of  lettuce  at 
the  quarter-length,  "A"  end  of  the  car  were 


34",  35",  and  35"  F.,  respectively.  At  the 
quarter-length,  "B"  end,  they  were  35°,  38°, 
and  38°  F.,  respectively  (fig,  3),  Tempera- 
tures at  the  doorway  were  intermediate  be- 
tween those  at  the  two  ends  of  the  car.  As 
would  be  expected,  the  lowest  temperatures 
were  in  the  top  layer,  which  was  largely 
exposed  to  the  refrigerated  air  entering  from 
the  ceiling  plenum. 

The  lowest  average  lettuce  temperature 
measured  at  any  position  in  the  car  by  the 
recording  potentiometer  was  34°;  the  highest 
was  38°  F.  (table-  1),  However,  an  average 
lettuce  temperature  of  39°  was  measured  in 
the  middle  layer  of  the  "B"  end,  near  the 
doorway  area,  by  other  thermocouples  that 
were  placed  to  determine  temperature 
gradients  between  air  and  lettuce  inside  a 
carton  (fig.  1). 

Lettuce  temperatures  were  1°  F.  lower 
adjacent  to  a  wall  than  along  the  centerline 
in  the  same  layer  (table  1).  The  average  load 
temperature  during  the  "trip"  was  36°  F. 
(table  1  and  fig.  4). 

Temperatures  measured  at  three  positions 
within  each  of  three  cartons  of  lettuce  located 
in  the  top,  middle,  and  bottom  layers  of  the 
load  varied  less  than  1°;  this  showed  that 
there  was  no  gradient  from  the  outside  to  the 
center   of  the  cartons  in  this  precooled  load 

(fig.  1). 

The  air  temperature  1  inch  above  a  top- 
layer  carton  averaged  1  lower  than  the 
temperature  of  the  lettuce  in  that  carton 
(table  1  and  fig.  1).  Air  temperatures  outside 
cartons  in  the  center  and  bottom  layers  were 
the  same  as  those  measured  in  the  lettuce 
inside  those  cartons. 

Air  temperature  1  inch  above  the  load  in 
the  "B"  end,  5  feet  from  the  doorway,  was 
measured  at  1-  or  2-minute  intervals  during 
several  complete  refrigeration  cycles.  The 
complete  cycle  averaged  47  minutes,  of  which 
17  minutes  was  cooling  and  30  minutes  was 
warming.  The  average  maximum  during  the 
cycles  was  35°  F.,  and  the  average  minimum 
was  32°.  The  average  air  temperature  during 
the  several  complete  cycles  measured  was 
33  .  The  average  air  temperature  at  this  point 
for  the  entire  "trip"  (several  readings  per 
day)  was  34°. 

Average  temperature  of  the  air  coming  off 
the  blower  at  the  "A"  end  of  the  car  was  32°  F. 
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Figure  3. — Lettuce  temperatures  at  indicated  positions  recorded  by  a 
potentiometer  with  thermocouples  at  centerline  of  a  50-foot  mechanically 
refrigerated  rail  car  during  simulated  transcontinental  shipment. 
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Figure  4.— Average,  maximum,  and  minimum  lettuce  temperatures  in  a  50-foot 
mechanically  refrigerated  rail  car  during  simulated  transcontinental  ship- 
ment. See  table  1  (p,  2  )  for  location  of  thermocouples. 


Average  temperatures  of  the  air  at  the  ceiling, 
quarter-length  of  the  "A"  and  "B"  ends  were 
32°  and  34°,  respectively  (table  1),  The  average 
temperature  of  the  return  air  was  35°. 

Temperatures  as  measured  by  recording 
thermometers  generally  were  either  the  same 
as  temperatures  obtained  by  thermocouples 
placed  in  the  carton  containing  a  recording 
thermometer  or  they  were  1°  higher  (table  1). 
The  greatest  difference  between  thermocouple 
and  recording  thermometer  readings  was  3°  F. 
Average    "trip"    temperatures   for  the  entire 


load  as  measured  by  recording  thermometers 
was  37°  and  by  the  recording  potentiometer 
and  thermocouples  was  36°. 

Trailer. — Average  lettuce  temperatures  at 
the  front  of  the  trailer  were  34°  and  36°  F,, 
and  those  at  the  half-length  ranged  from  37° 
to  39°;  the  lower  temperatures  occurred  in 
the  top  layer  and  the  higher  temperatures  in 
the  lower  layers  (fig,  5).  At  the  rear  of  the 
trailer,  the  highest  temperature  (37^)  was  in 
the  top  layer  and  the  lowest  temperature 
(36°)   was    in   the  bottom  layer.  The  slightly 
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Figure  5. — Lettuce  temperatures  at  indicated  positions 
recorded  by  a  potentiometer  with  thermocouples  at 
centerline  of  a  piggyback  trailer  during  simulated 
transcontinental  shipment. 


lower  temperature  at  the  bottem  layer  at  the 
rear  of  the  trailer  may  be  due  to  the  space 
between  the  last  tier  of  cartons  and  the  trailer 
doors,  which  permits  the  cold  air  to  settle  to 
the  bottom  of  the  trailer.  Air  circulation  to 
the  lower  layers  in  the  rest  of  the  load  was 
reduced  because  of  the  tightness  of  the  load. 

The  lowest  average  temperature  recorded 
by  the  potentiometer  at  any  location  in  the 
load  was  34°  F.  (top  layer,  front)  and  the 
highest  was  39°  (bottom  layer,  half-length) 
(table  2  and  fig.  5),  However,  an  average 
temperature  of  40°  was  measured  by  the  other 
set  of  thermocouples  in  the  middle  layer  at 
the  three-quarter-length  (fig.  2).  The  average 
"trip"  temperature  for  the  load  was  37°  F. 
(table  2  and  fig.  6). 

Lettuce  in  cartons  adjacent  to  a  wall  gen- 
erally averaged  1°  cooler  than  lettuce  at  the 
centerline  (table  2).  Lettuce  temperatures 
measured  at  three  positions  within  individual 
cartons  were  identical  in  a  given  carton 
(fig.  2). 

Air  temperature  measured  1  inch  above 
the  top  layer  at  the  half-length  and  three- 
quarter-length  averaged  1°  cooler  than  the 
lettuce  in  the  top-layer  cartons  at  those 
positions  (table  2  and  fig.  2).  The  air  tempera- 
ture between  cartons  of  lettuce  in  the  middle 
and  bottom  layers  of  the  load  was  the  same 
as  the  lettuce  in  adjacent  cartons  or  it  aver- 
aged 1°  warmer  (fig.  2). 
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Figure  6, — Average,  maximum,  and  minimum  lettuce 
temperatures  in  a  piggyback  trailer  during  simulated 
transcontinental  shipment.  See  table  2  (p,  3  )  for  lo- 
cation of  thermocouples. 

Air  temperature  1  inch  above  the  load  at 
the  three-quarter-length  was  measured  at  1- 
minute  intervals  during  14  complete  refrigera- 
tion cycles  of  cooling  and  heating.  The  average 
cycle  was  9  minutes,  with  3  minutes  of  warm- 
ing and  6  minutes  of  cooling.  The  average 
maximum  temperature  was  38°  F.,  the  average 
minimum  was  31°,  and  the  overall  average 
was  34°. 

Average  temperature  of  the  air  coming  off 
of  the  blower  was  32°  F.  The  air  at  the  ceiling 
at  the  rear  of  the  trailer  averaged  34°,  and 
that    in    the    return    air   duct   averaged    35°. 

Temperatures  measured  by  recording 
thermometers  in  cartons  of  lettuce  were  the 
same  as  or  1°  F.  higher  than  those  measured 
by  thermocouples  in  the  same  cartons  (table 
2).  The  average  "trip"  temperature  for  all 
locations  was  37°  F,  as  measured  by  both 
recording  thermometers  and  the  recording 
potentiometer. 


Atmosphere  Composition 

During  the  simulated  transcontinental  trip, 
carbon  dioxide  (CO2)  concentration  increased 
substantially  in  the  car.  On  the  third  day  after 
loading,  the  CO2  in  the  car  was  4.3  percent 
and  the  oxygen  (O2)  was  15.4  percent  (table  3), 
The  CO  2  in  the  car  continued  to  increase  until 
it  was  7.2  percent  on  the  ninth  day.  At  this 
time,  the  O2  was  13.2  percent. 

In  the  trailer,  the  CO  2  had  increased  to 
2.7  percent  by  the  second  day,  but  it  then 
gradually  decreased  until  it  was  1.9  percent 
on  the  sixth  day. 


Table  3. — Carbon  dioxide  (CO2)  and  oxygen  (O2) 
concentrations  in  a  mechanically  refrigerated  car 
and  a  piggyback  trailer  during  a  simulated  trans- 
continental shipment  of  lettuce 


Days 

Atmosphere  composition 

after 
loading 

Average  in  car  ^ 

Average  in  trailer  2 

CO  2 

O2 

CO2 

O2 

1 

2 

3 

4 

5 

6 

9 

Percent 

4.3 
4.7 
5.3 
6.0 
7.2 

Percent 

15.4 
15.8 
15.0 
14.3 
13.2 

Percent 

2.3 
2.7 
2.4 
2.1 
2.0 
1.9 

Percent 

18.3 
17.7 
16.9 
18.6 
18.9 
19.0 

^  Averages  at  the  following  position:  (1)  "B"  end, 
under  the  load,  (2)  "B**  end,  middle  layer  of  load, 
between  cartons,  (3)  "B"  end,  middle  layer  of  load, 
inside  a  carton,  and  (4)  "A"  end,  in  the  air  return 
behind  bulkhead. 

^  Averages  at  the  following  positions:  (1)  three- 
quarter-length,  under  the  load,  (2)  three-quarter- 
length,  middle  layer  of  load,  between  cartons, 
(3)  three-quarter-length,  middle  layer  of  load,  inside 
a  carton,  and  (4)  air  return,  behind  the  bulkhead. 


In  both  the  car  and  trailer,  atmosphere 
composition  was  uniform  at  the  four  locations 
sampled,  with  oxygen  or  carbon  dioxide  varia- 
tions of  only  a  few  tenths  of  1  percent  in  each 
vehicle. 
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Figure  7. — Relation  of  lettuce  temperature  and  severity 
of  butt  discoloration  after  a  simulated  transconti- 
nental shipment  (10  days).  Each  data  point  is  based 
on  the  evaluation  of  one  carton  of  lettuce  during  un- 
loading. Rating  scale:  1,  none;  2,  trace;  3,  slight; 
4,  moderate;  and  5,  severe. 


the  same  as  the  temperature  of  the  lettuce  at 
those  positions  at  time  of  unloading  (fig.  3). 

A  highly  significant  correlation  (r  a  0.913) 
was  found  between  the  average  temperature  of 
the  lettuce  and  butt  discoloration.  At  35°  only 
a  "trace"  of  butt  discoloration  was  found,  but 
at  39°  "moderate"  butt  discoloration  developed 
(fig.  7). 

The  general  external  appearance  of  the 
lettuce  maintained  at  35°  to  37°  was  "excellent" 
at  time  of  unloading,  but  that  of  lettuce  main- 
tained at  38°  or  39°  was  "good." 

Quality  of  lettuce  in  the  trailer  was  not 
evaluated  at  unloading. 


Relative  Humidity 

In  the  car,  the  average  relative  humidity 
during  the  "trip"  was  96  percent  above  the 
load,  91  percent  under  the  floor  racks,  and 
100  percent  inside  a  carton.  In  the  trailer,  the 
relative  humidity  averaged  97  percent  above 
the  load  and  100  percent  inside  a  carton.  The 
sensing  element  under  the  load  was  defective 
in  the  trailer. 


Lettuce  Qxxality 

The  average  "trip"  temperature  of  lettuce 
at  various  positions  in  the  car  happened  to  be 


DISCUSSION 

Temperature  variation  between  the  warm- 
est and  the  coolest  lettuce  during  the  "trip" 
was  5°  F.  in  the  car  and  6°  in  the  trailer. 
The  temperature  uniformity  from  top  to  bottom 
in  the  "A"  end  of  the  car  despite  the  tightness 
of  the  load  indicates  that  relatively  uniform 
temperatures  can  be  maintained  in  solid,  pre- 
cooled  loads  if  air  movement  is  adequate. 
Therefore,  it  would  be  desirable  to  increase 
air  movement  through  the  commodity  in  the 
"B"  end,  which  would  bring  those  temperatures 
closer  to  temperatures  elsewhere  in  the  car. 
The  need  for  more  air  movement  through  the 
load,  particularly  at  the  half-length  and  three- 
quarter-length  of  the  trailer,  is  indicated  by 


the  relatively  high  temperatures  (39°  and  40°) 
at  the  middle  and  bottom  layers  at  these  posi- 
tions while  34°  and  36°  F.  temperatures  oc- 
curred in  other  parts  of  the  load. 

Tests  ^  that  evaluated  loading  patterns 
with  the  new  level-pack  carton  showed  that  a 
more  open  load,  the  bonded-block  pattern, 
improved  air  circulation  and  commodity  tem- 
peratures in  mechanically  refrigerated  rail 
cars  and  piggyback  trailers  as  compared  with 
the  conventional,  solid-load  pattern.  For  ex- 
ample, when  the  open  load  was  used,  both  ends 
of  the  car  averaged  the  same,  37°  F.  However, 
disadvantages  of  the  bonded-block  load  pattern 
offset  the  advantage  of  the  improved  tempera- 
ture uniformity  in  the  load. 

The  average  temperature  of  the  air  coming 
off  the  blower,  or  the  air  at  the  ceiling  at  the 
end  opposite  the  blower,  or  that  in  the  return 
duct  was  the  same  in  the  car  and  the  trailer. 

However,  the  cooling  and  warming  periods 
in  the  refrigeration  cycle  differed  in  the  two 
vehicles.  The  refrigeration  equipment  in  the 
car  is  designed  to  shut  off  the  compressor 
when  the  thermostat  is  satisfied.  The  com- 
pressor does  not  cut  in  again  until  heat  leakage 
into  the  car  and  the  heat  of  respiration  of  the 
commodity  warm  the  load  compartment  suf- 
ficiently to  activate  the  thermostat.  Conse- 
quently, the  compressor  was  off  for  relatively 
long  periods  in  the  test  car.  Hence,  the  cooling 
period  was  shorter  than  the  warming  period 
in  the  car.  In  the  trailer,  the  warming  phase 
was  shorter  than  the  cooling  phase,  because 
the  compressor  in  the  trailer  does  not  cut  out 
but  is  either  on  a  cooling  or  heating  cycle. 

In  the  car  and  trailer  the  average  air 
temperatures  at  the  end  opposite  the  blower 
were  equal  to  the  thermostat  setting  (34°  F.) 
and  average  load  temperatures  were  2°  or  3° 
above  the  thermostat  setting. 

The  general  agreement  of  the  temperatures 
outside  cartons  of  lettuce  in  the  middle  and 
bottom  layers  of  the  car  and  trailer  with  those 
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inside  those  cartons  was  probably  caused  by 
the  tightness  of  the  loads  and  consequent  poor 
air  circulation  at  those  areas.  The  high  lettuce 
temperatures  at  these  positions  is  another  in- 
dication of  poor  air  circulation. 

Temperatures  measured  with  recording 
thermometers  and  with  thermocouples  in  the 
same  cartons  were  in  close  agreement. 
Recording  thermometers  are  used  in  most 
transportation  tests  with  produce;  hence,  their 
accuracy  is  essential.  For  test  purposes  the 
recording  thermometers  are  always  calibrated 
and  necessary  corrections  are  applied  to 
temperature  readings. 

The  slightly  lower  temperatures  (1°)  in 
cartons  adjacent  to  the  walls  as  compared 
with  those  in  the  center  of  the  load  reflect 
the  air  circulation  pattern  through  the  cor- 
rugated sidewall  flues.  The  tightness  of  the 
loads  restricted  air  circulation  around  cartons 
toward  the  center  of  the  load. 

Relative  humidity  was  desirably  high  in 
both  the  car  and  trailer. 

Atmosphere  modification  was  uniform 
throughout  the  car  and  trailer;  this  indicates 
that  one  sampling  tube  per  unit  is  adequate 
for  sampling  and  the  exact  location  of  the 
tube  in  the  load  compartment  is  unimportant. 
Carbon  dioxide  concentrations  held  continu- 
ously at  5  to  10  percent  for  a  week  can  injure 
lettuce.  The  7  percent  carbon  dioxide  level  in 
the  car  at  the  end  of  the  transit  period  indi- 
cates that  there  may  be  a  need  for  outside 
ventilation  or  a  carbon  dioxide  absorbent  when 
produce  with  a  high  respiration  rate  is  shipped 
in  tightly  constructed  cars.  However,  if  the 
car  actually  had  been  in  transit  for  the  test 
period  rather  than  being  stationary,  the  leak- 
age may  have  been  sufficient  to  prevent  such 
a  high  accumulation  of  CO  2. 

It  would  be  desirable  if  a  more  open  load 
pattern  could  be  devised  that  would  provide 
more  uniform  temperatures  in  car  and  trailer 
loads  of  lettuce  without  introducing  significant 
disadvantages.  Or,  it  may  be  possible  to  modify 
the  present  rail  cars  and  trailers  to  provide 
more  uniform  air  movement  through  the  solid 
loads  currently  used  by  the  western  lettuce 
industry. 
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